Introduction
The high stability of transition metal cluster compounds with a core of geometrically closed shells of metal atoms is well known [1, 2] . Such compounds can be used to produce ligand-free ML1 clusters by degradation of the ligands and the outer-shell metal atoms [3] . These naked icosahedral M13 clusters do not decompose into smaller particles (as supposed [4] ), but they aggregate to superclusters. Two lines of the formation of superclusters have been found experimentally : 1) the generation of superclusters of one or two full shells of clusters M13 [5, 6] 13 M13 -> (M13),3
55 M13 -> (M13)55
and 2) the generation of superclusters from clusters/superclusters [3, 6, 9] 13 M13 -> (Mt3)13 (a) 13 (M13)13 -> ((M13)13),3
13 ((M13)13)13 -> (( ( 13)13) 3) 3
Here, only the first steps of both lines are identical. Some years ago we derived from a simple jellium model within an iterative version this aufbauprinciple as a disign principle for new metals [7, 8] ,
The formation of superclusters from superclusters can be repeated stepwise (Fig. 1) . The resulting microcrystalline products of the metals Au, Co, Pt, Rh, and Ru have been structurally analized by various experimental techniques (time of flight secondary ion mass spectrometry, X-ray powder diffraction, Mössbauer spectrometry). It has been found, that the new metallic modification is stable at low temperatures. At higher temperatures (for ((AU|3),3)13 at 700 -800 K), it is transferred into the structure of normal bulk metal [9] .
It can be expected, that this new microcrystalline modification has properties different from that ones of the corresponding bulk metal. Some of them will be investigated in this paper theoretically by use of the Embedded Atom Method (EAM).
The embedded atom method (EAM)
The embedded atom method has been described in detail in many papers [10] [11] [12] [13] . The method was successfully applied to many problems of metals (clusters and bulk). For a review, see [13] . Here, we only report on some few aspects of the method.
We start with an approximation of the total potential energy of interaction by additive attractive embedding energies, Fh and pairwise additive energies of repulsion, In this expression, ,,, is the host electron density at atom i due to the remaining atoms, /\( ) is the energy to embed atom i into the background electron density , and (7?,,) is the core-core pair repulsion between atoms i and j separated by the distance /?". The host electron density is approximated by the superposition of densities of valence electrons Q",= Q'iRg), (4) where ' (Ru) is the electron density at atom i contributed by atom j. The atomic densities will be taken from the tables of Clementi et al. [14] , and McLean et al. [15] . Values of the functions F and can be calculated from the formal definitions of these quantities within the density-functional framework [16] , but it is usual to establish F and empirically from physical properties of solids (lattice constant, elastic constants, cohesive energy, and vacancy-formation energy) [10, 12] . [18] ). For gold, we determined new EAM-parameters [19] . [19] . The last column of Table 1 shows the maximum range of interatomic interactions in units of the shortest interatomic distance, r,, of the icosahedral.
The dimeric supercluster (M13)2
It has been verified, that two icosahedral clusters M,3 at their equilibrium distance, r2, have a rigid structure to a high degree of accuracy [20] .
As an example, Fig. 2 shows the cluster-cluster interaction energy, We see:
1) The shortest intercluster distance, r2, is nearly constant.
2) The cluster-cluster interaction energy per cluster, /L, increases with the size of the supercluster. Fig. 3 shows, that the size-effect of /L can be described by the equation 
It is obvious, that equation (8) is equivalent with the equations (7) and (7 a).
The validity of the relations (6) and (8) (6) and (8) was excellent. Therefore, we conclude:
The size effect of the cluster-cluster interaction energy in superclusters is mainly a size effect of the averaged first coordination number of the cluster units. The chemical nature of the specific metal, the internal structure of the cluster units as well as the relative distances and orientations of the clusters inside of the supercluster only determine the values of the constants a, b, and £, in the Eqs. (6) and (8) .
This result explains, why mass spectra of superclusters (Au,3)L just show the preferred occurrence of superclusters with L = 13 and L = 55 cluster units [5, 6] : The corresponding structure of a full shell icosahedron represents a polyhedron of an optimum topology. 
in dependence of the distance rk for the element nickel, L{n) = a3n3 + a2n2 + a,n + a0 .
The coefficients ak of Eq. (10) are given in [21] for 15 highly symmetrical particles.
The total energy of interaction between all units M13 of the supere luster is AE = 0.5 · L E, CNX{L).
For shell-like superclusters, also the mean L-dependent coordination numbers CW,(L) are analytical expressions of the number of shells, n:
CN,(L(n)) = 2(b3n3 + b2n2 + btn + b0)IL. (12) The values of the coefficients b¡ are given in [21] . Thus, from the Eqs. (11) and (12) follows a polynomial representation of the total interaction energy of the supercluster AE(n) = Et 3 3 + b2n2 + b,n + bn).
From the Eqs. (10) and (13) 
with the bulk-value of the supercluster For a defined structure of the supercluster, which has been determined experimentally [1, 3, 5, 6, 9] , the cohesive energy of the supercluster only depends on the size dependent mean coordination of a cluster by the next clusters inside of the supercluster. This result justifies a simple topological model of the cluster-cluster interaction in metallic superclusters proposed eight years ago [23] .
